Abstract. The characteristics of fault diagnosis are as follows. First, features extraction is the key of improving diagnosis efficiency and correct rate. Secondly, fault diagnosis method based on rule reasoning has a wide application, but rule acquisition is one of the bottlenecks. Thirdly, rule modification is a key question of solving the real-time rule acquisition in the dynamic environments, and a primary question of knowledge base modification of expert system, etc. In this paper, Rough Set Theory (RST) was used to solve the key problems of machinery fault diagnosis, and a Rough Set Data Analysis System (RSDAS) was developed. RSDAS was used to implement rule generation automation & rule modification based on RST such as indiscernibility relation and knowledge reduction method, depicted importance of different attributes in knowledge representation, and reduced knowledge representation space. The method of fault diagnosis using RSDAS was summarized. The experiment results approved the feasibility and the high precision of RSDAS. Therefore, we can use RADAS to machinery fault diagnosis.
Introduction
Rough Set Theory (RST) [1] [2] [3] is being paid more and more attention because of its particular advantages. The theory research tends towards mature and its applications succeed in many fields. However, prominent beneficial applications of RST in industry are very insufficient.
RST has been the research attraction in the field of computer science such as Data Mining, Expert System, and etc. One part of intelligent or expert systems is knowledge base, another is the ability of rule-based decision-making. RST method is on the basis of indiscerniblities of system observable and measurable data. Its main thought is that under the condition of indiscerniblities, decision rules are deduced through knowledge reduction. Especially the knowledge expression and reasoning method based on rough set data analysis can be used to establish expert system. Up to now, practical engineering system of rough set data analysis is seldom, to develop rough set data analysis software is the important research task in intelligent systems [4, 5] .
The characteristics of fault diagnosis are as follows. First, features extraction is the key of improving diagnosis efficiency and correct rate. Secondly, fault diagnosis method based on rule reasoning has a wide application, but rule acquisition is one of the bottlenecks. Thirdly, rule modification is a key question of solving the real-time rule acquisition in the dynamic environments, and a primary question of knowledge base modification of expert system, etc.
In this paper, we use a Rough Set Data Analysis System (RADAS) we have developed to machinery fault diagnosis.
Development of the Rough Set Data Analysis System
Structure of RSDAS. Rough set data analysis is a symbol method of analyzing relativity and dependence of data. By using RSDAS method, rules can be extracted from data and the key attribute and attribute value can be found. Further, prediction and decision can be made. Its virtues include no hypothesis is needed and the rules produced come from data directly. However, rough set model is a structure-based non-numerical model, it is adapt for discretisation data. Continuous data need to be dispersed. The method of rough set data analysis system actually is the course of reduction of decision table. The disposed course is described as follows.
The Main Algorithms of RSDAS. Fig.1 . is the function flowchart of RSDAS. Program flow i.e. main file based on MATLAB is briefly described as follows:
end. logic(xl,x,y,n) Followings are the main functions of RADAS. Data Discretisation. The attribute of database has two kinds of types. One type is continuous attribute. Its values belong to a certain continuous region. Another type is discrete attribute. This kind of attribute is expressed by language or discrete values. In many case, a same database has both continuous attribute and discrete attribute. After the discretisation, the data satisfies both as few as possible attribute values and as little as possible information lost [5] . Function: y=discrete(x,b,|D|) ， x is the original data to be dispersed, b is the interval, |D| is the number of decision attribute, output y is the decision for i=1 to |C| do if POS {C-ci} (D) POS ≠ C (D) then y=y+i； Minimal Decision Rule. After reduction of the attribute core, the minimal reduction rule can be obtained. Then to find the logic rules from the minimal reduction, i.e. to find the minimal decision algorithms. For every decision rule has different reduction, reduction table of each decision rule has different forms, and the different algorithms can be gained. The minimal decision rule can be chosen from them. Its function is A{i}=category(x,y1,y2,q-n,i) Where, A is the final reduction matrix.
Knowledge Reasoning Based on Rough Set Theory. Decision rules constitute a formal language to describe approximations in logical terms. Decision rules are expressions in the form "if…then…". The decision table of a set of decision rules called a decision algorithm. The function is logic(xl,x,y) ，xl is original data, x is reduction result data, y is the minimal rule.
Example Simulation
The analyzed data set (shown in table 1) is composed of observations collected from 55 roll bearing installed in a band conveyor.
The symbol meanings as follows [7] : s 1 --level of noise for frequency range 500 -2000Hz(in dB ); s 2 --level of noise for frequency range 4 -16KHz (in dB ); s 3 --symptom s 1 transformed to mP units; s 4 --symptom s 2 transformed to mP units; s 5 --measured vibrations in axial direction for frequency range 0.1-1 kHz; s 6 --measured vibrations in axial direction for frequency range 1 -11 kHz; s 7 --measured vibrations in radial vertical direction for frequency range 0.1 -1kHz; s 8 --measured vibrations in radial vertical direction for frequency range 1-11 kHz; s 9 --measured vibrations in radial horizontal direction for frequency range 0. Table 1 comes from reference [7] , where C={s1,s2,…, s12}, D={d}, U={1, 2, … , 54}. The result of program running is expressed as table 2. The correct ratio of diagnosis is 100%. 
Conclusions
In order to accelerate the wide practical application of Rough Set Theory, to develop a successful rough set data analysis system has important significance. This paper realizes a rough set data analysis system by making use of MATLAB language, and the RSDAS was used to implement ball-bearing fault diagnosis. The experiment results approved the feasibility and the high precision of RSDAS. Therefore, we can use RADAS to machinery fault diagnosis. The further researches of the paper include the faster and the more efficient algorithms.
